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%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/D SUHSDUDFLyQ GH FRQGXFWRV UDGLFXODUHV WLHQH FRPR
REMHWLYRHQSULPHUOXJDUODPRGLILFDFLyQGHVXPRUIRORJtD
UHVSHWDQGR DO Pi[LPR OD DQDWRPtD LQWHUQD RULJLQDO GH
PDQHUD TXH ORV FRQGXFWRV DGTXLHUDQ XQD IRUPD
SURJUHVLYDPHQWHFyQLFDGHVGHHORULILFLRGHHQWUDGDKDVWD
HO iSLFH PDQWHQLHQGR OD SRVLFLyQ \ HO GLiPHWUR GH OD
FRQVWULFFLyQ GHO RULILFLR DSLFDO &RQ HOOR VH IDYRUHFH HO
VHJXQGRREMHWLYR OD OLPSLH]D FRPSOHWDGHO FRQWHQLGRGHO




 (92/8&,Ï1 '( /26 ,167580(1726
527$725,26'(&257(
(Q  0D\QDUG FUHy HO SULPHU LQVWUXPHQWR





,QLFLDOPHQWH OD LQVWUXPHQWDFLyQ VH ORJUy PHGLDQWH OLPDV
PDQXDOHVGHDFHURDOFDUERQRTXHIXHURQVXVWLWXLGDVHQ
 SRU ODV GH DFHUR LQR[LGDEOH GHELGR D VXVPHMRUHV
SURSLHGDGHV>/RSHVet al@
(Q HVH SHULRGR QR H[LVWtD XQ FRQVHQVR HQWUH ORV
IDEULFDQWHV VREUH OD IRUPD WLSR \ FDUDFWHUtVWLFDV GH OD
SDUWHDFWLYD GH ORV LQVWUXPHQWRV HQGRGyQWLFRV >*DUFtDet 
al @1R IXHKDVWD FXDQGR ,QJOH LQWURGXMR ODV
QRUPDVGHHVWDQGDUL]DFLyQHQHO DXPHQWRVHFXHQFLDO GH
ORV GLiPHWURV >,QJOH @ \ HQ  MXQWR FRQ /HYLQH
VXJLULHURQTXH WDQWR ORV LQVWUXPHQWRVFRPR ORVFRQRVGH
JXWDSHUFKDGHEtDQIDEULFDUVHFRQXQLIRUPLGDGGHGLiPHWUR
\ORQJLWXGDVtFRPRFRQSDWURQHVGHQRUPDOL]DFLyQHQOD




)LQDOPHQWH HQ  WUDV OD DSUREDFLyQ GH OD
HVSHFLILFDFLyQ Q GH OD $'$ SRU OD $VRFLDFLyQ




iSLFRFRURQDO SDUD OD LQVWUXPHQWDFLyQ GH ORV FRQGXFWRV
UDGLFXODUHVFRQOLPDVPDQXDOHV(VWDWpFQLFDGHVFULWDSRU
&OHP HQ  FRQVLVWH HQ OD LQVWUXPHQWDFLyQ GHO
FRQGXFWR GHO iSLFH D OD FRURQD UHGXFLHQGR GH IRUPD
SURJUHVLYD \ JUDGXDO OD ORQJLWXG GH WUDEDMR FRQIRUPH VH





QHXPiWLFR ORV FXDOHV JHQHUDEDQ ULHVJRV RSHUDWRULRV
FRPR OD IUDFWXUD GHO LQVWUXPHQWR 'H HVWH PRGR VH
HPSH]y D SHQVDU HQ XQD QXHYD JHQHUDFLyQ GH OLPDV
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IDEULFDGDV FRQ RWUDV DOHDFLRQHV TXH DSRUWDUDQ DO
LQVWUXPHQWRXQDPD\RUIOH[LELOLGDG>/HRQDUGRHWDO@
/D DOHDFLyQ GH QtTXHOWLWDQLR 1L7L TXH SUHVHQWD
DSUR[LPDGDPHQWH HO  GH QtTXHO \ HO  GH WLWDQLR
IXH XWLOL]DGD SRU SULPHUD YH] HQ OD LQGXVWULD QDYDO HQ HO
\SRUOD1$6$SULQFLSDOPHQWHSDUDODIDEULFDFLyQGH
DQWHQDVGHQDYHVHVSDFLDOHV>/HRQDUGRet al@3HUR
QR VH OH GLR XVR HQ RGRQWRORJtD KDVWD  SDUD OD
FRQIHFFLyQ GH DODPEUHV RUWRGyQWLFRV GHELGR D VX
IOH[LELOLGDG PHQRU PyGXOR GH HODVWLFLGDG DOWD HQHUJtD
DOPDFHQDGDGXUDQWH VXFXUYDWXUD \JUDQ UHVLVWHQFLDD OD
IUDFWXUDGHWRUVLyQ\IOH[LyQ>$QGUHDVHQet al@
/D XWLOL]DFLyQ GH OD PLVPD HQ OD FRQIHFFLyQ GH
LQVWUXPHQWRVHQGRGyQFLFRV IXHVXJHULGDHQ >&LYMDQ
et al@SHURQR IXHURQFRQIHFFLRQDGDVKDVWD
SRU:DOLD %UDQWO\H \*HUVWHLQ ORV FXDOHV HYDOXDURQ VXV
SURSLHGDGHVItVLFDV\FRQFOX\HURQTXHODV OLPDVGH1L7L
SUHVHQWDEDQGRVR WUHV YHFHVPiV IOH[LELOLGDG DVt FRPR
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PD\RU UHVLVWHQFLDD OD IUDFWXUDSRU WRUVLyQTXH ODV OLPDV
GHDFHURLQR[LGDEOH>:DOLDet al@
3URQWR HPSH]DURQ D VXUJLU ORV SULPHURV FRQMXQWRV GH
LQVWUXPHQWRV URWDWRULRV IDEULFDGRV D SDUWLU GH HVWD
DOHDFLyQHO176HQVRU17&RPSDQ\((88\HQSRFR
WLHPSR YDULRV RWURV LQVWUXPHQWRV URWDWRULRV HQ QtTXHO
WLWDQLRLQYDGLHURQHOPHUFDGRFRPRHQHOHOVLVWHPD
/LJKWVSHHG/LJKWVSHHG7HFKQRORJ\,QFHQ3UR)LOH
0DLOOHIHU'HQWVSO\  4XDQWHF 7\FRP ,QF \ 3RZ 5
0R\FR 8QLRQ %URDFK HQ  HO VLVWHPD +HUR 
0LFURPHJD HO VLVWHPD . (QGR 6\EURQ 'HQWDO
6SHFLDOWLHV\3UR7DSHU0DLOOHIHU'HQWVSO\HQ\HO
VLVWHPD0WZR9':HQ
/D DSDULFLyQ GH ODV OLPDV URWDWRULDV VXSXVR GLIHUHQWHV
FDPELRVWDQWRHQODWpFQLFDGHLQVWUXPHQWDFLyQFRPRHQ
GLIHUHQWHVSDUiPHWURVGLPHQVLRQDOHVGHODVOLPDVHQVt
6H FRPHQ]y D XWLOL]DU OD WpFQLFD crown-down R FRURQR
UDGLFXODU HQ OD TXH LQVWUXPHQWRV GH PD\RU FRQLFLGDG \
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FDOLEUH SUHFHGHQ D LQVWUXPHQWRVPHQRUHV D PHGLGD TXH
VH GHVFLHQGH KDFLD HO WHUFLR DSLFDO UHDOL]DQGR DVt XQD
SUHSDUDFLyQ GHO WHUFLR FRURQDO KDFLD HO WHUFLR DSLFDO /DV
YHQWDMDV GH HVWD WpFQLFD VRQ XQDPHQRU IULFFLyQ GH ODV
OLPDV URWDWRULDV HQ HO FRQGXFWR GLVPLQX\HQGR DVt OD
LQFLGHQFLD GH IUDFWXUDV SHUPLWLU XQD GHVFRQWDPLQDFLyQ
SURJUHVLYD GHO FRQGXFWR VLQ OD HPEROL]DFLyQ GH GHWULWXV







ODV OLPDV GHEtDQ WHQHU XQD FRQLFLGDG FRQVWDQWH GH 
PP SDUD IDEULFDU OLPDV FRQ GLIHUHQFLDV HQ OD FRQLFLGDG










FRQGXFWRV FXUYRV IORUHFLy DVt HQ  VH SUHVHQWy OD
SLH]DGHPDQR*LURPDWLF0LFUR0HJDSUHFXUVRUDGHOD











VLPSOLILFDURQ ODV WpFQLFDV HQGRGyQWLFDV (Q OD E~VTXHGD
GH VLPSOLILFDUODV D~Q PiV <DUHG HQ  LQWURGXMR XQ
QXHYRFRQFHSWRSDUD OD LQVWUXPHQWDFLyQGHFRQGXFWRVHO
XVRGHXQD~QLFDOLPDGH1L7L
Fig 1. Pieza de mano Giromatic (Micro 





SRVWHULRUPHQWH OD OLPD)GHO VLVWHPD URWDWRULR3UR7DSHU
7XOVD 'HQWVSO\ 7XOVD 2. 86$ FRQ XQD URWDFLyQ
DOWHUQDQWHKRUDULD\DQWLKRUDULD\PRYLPLHQWRVGHSLFRWHR
VDFDQGR OD OLPD GHO FRQGXFWR DO QRWDU UHVLVWHQFLD SDUD
LUULJDU SHUPHDELOL]DU \ FRQWLQXDU FRQ HO PLVPR
SURFHGLPLHQWRKDVWDOOHJDUDODORQJLWXGGHWUDEDMR
<DUHG DILUPDED HQ VX DUWtFXOR TXH JUDFLDV D OD URWDFLyQ
DOWHUQDQWHEDVDGDHQODVIXHU]DVEDODQFHDGDVGH5RDQH
>5RDQH et al @ VH SRGtD UHGXFLU OD IDWLJD GHO
LQVWUXPHQWR UHGXFLHQGRDVt OD IUDFWXUDSRU WRUVLyQGH ODV
OLPDV \GLVPLQXLUHOQ~PHURGH OLPDVQHFHVDULDVSDUD OD
LQVWUXPHQWDFLyQ FRPSOHWD GHO FRQGXFWR FRQ OD
FRQVLJXLHQWH UHSHUFXVLyQ HFRQyPLFD $GHPiV PHMRUDED
HOFHQWUDGRGHOFRQGXFWR><DUHG*@
%DViQGRVH HQ HVD WHRUtD KDQ DSDUHFLGR HQ HOPHUFDGR
VLVWHPDV URWDWRULRV GH XQD VROD OLPD  GH 1L7L \




9': *PE+ 0~QLFK $OHPDQLD :DYH 2QH  \
SRVWHULRUPHQWH :DYH 2QH *ROG 'HQWVSO\0DLOOHIHU
%DOODLJXHV6XL]DRFRQPRYLPLHQWRFRQWLQXRFRPR2QH



















5 ILJXUD(VWiQ IDEULFDGDVFRQ1L7L0:LUH ORTXH
RIUHFH XQD PD\RU IOH[LELOLGDG \ UHVLVWHQFLD D OD IDWLJD
FtFOLFD HQ FRPSDUDFLyQ D ORV LQVWUXPHQWRV QRUPDOHV GH






Fig 2. Limas del sistema 
Reciproc. R25 (roja), R40 
(negra), R50 (amarilla). 
Fig 3. Sección transversal en 
forma de S de las limas Reciproc. 
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Tabla 2. Diámetros y conicidades de las limas Reciproc. 
 
(OPRWRU 9':6LOYHU 5HFLSURF ILJXUD  SHUPLWH TXH HO
VLVWHPDUHDOLFHXQPRYLPLHQWRDOWHUQDQWHTXHFRQVLVWHHQ
XQ LPSXOVR GHO LQVWUXPHQWR HQ SULPHU OXJDU HQ XQD
GLUHFFLyQGHFRUWH\ OXHJRVHSURGXFHXQJLURHQVHQWLGR
LQYHUVR SDUD OLEHUDU HO LQVWUXPHQWR (O iQJXOR HQ OD
GLUHFFLyQGHFRUWHILJXUDHVPD\RUTXHHOiQJXOR













5 PP PP 
5 PP PP 









(O VLVWHPD:DYH2QH FRQVWD GH  LQVWUXPHQWRV ³6PDOO´
 SDUD FRQGXFWRV HVWUHFKRV \ FXUYRV ³3ULPDU\³
 SDUD FRQGXFWRV DPSOLRV ³/DUJH´  SDUD
FRQGXFWRV PX\ DPSOLRV ILJXUD  7UDEDMD UHDOL]DQGR







Fig 4. Motor VDW Silver Reciproc. 
Fig 5. Representación del movimiento 










(VWiQ IDEULFDGDVGH1L7L0:LUHDO LJXDOTXHHO VLVWHPD
5HFLSURF 3UHVHQWDQ XQD VHFFLyQ WUDQVYHUVDO YDULDEOH




Fig 6. Limas del sistema Wave One. Small (roja), Primary 
(amarilla) , Large (negra). 
Fig 7. Sección transversal de las limas del sistema Wave One, 





(O VLVWHPD :DYH 2QH *ROG HVWi IRUPDGR SRU 
LQVWUXPHQWRVILJXUD³6PDOO´³3ULPDU\´
³0HGLXP´\³/DUJH´
3UHVHQWDQ XQD VHFFLyQ HQ SDUDOHORJUDPR FRQ DULVWDV GH
 /D VHFFLyQ HV UHFWDQJXODU SDUD UHGXFLU ODPDVD GHO
LQVWUXPHQWR \ SURSRUFLRQDU HVSDFLR SDUD OLEHUDU GHWULWXV
GHO FRQGXFWR $GHPiV HVWD VHFFLyQ GHMD DULVWDV OLEUHV
PLQLPL]DQGRHO HVWUpV WRUVLRQDOGHO LQVWUXPHQWRHYLWDQGR
HOEORTXHR>%HUXWWLet al@
(O VLVWHPD WUDEDMD FRQ HO PLVPR PRYLPLHQWR DOWHUQDQWH
TXH ODV:DYH2QH\HVWiQ IDEULFDGDVHQ1L7L0:LUH OR
QRYHGRVR HV HO WUDWDPLHQWR WpUPLFR SRVWHULRU D VX
IDEULFDFLyQ HQ HO TXH HO LQVWUXPHQWR HV UHSHWLGDPHQWH
FDOHQWDGR \ HQIULDGR GiQGROH XQ FRORU GRUDGR

















































Fig 8. Limas del sistema Wave One Gold. Small (amarilla), 
Primary (roja), Medium (verde), Large (blanca). 





(O VLVWHPD 2QH 6KDSH ILJXUD  HVWi IRUPDGR SRU XQD
~QLFD OLPD ,62\FRQLFLGDGGHORSFLRQDOPHQWHVH
SXHGHQHPSOHDU OLPDVGHDFDEDGRDSLFDO OD2QH6KDSH
$SLFDO   R OD 2QH 6KDSH $SLFDO   (VWH








Fig 9. Lima One Shape (25.06). 
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LGpQWLFRV ILJXUD  (VWH GLVHxR SURSRUFLRQD XQD







VH XWLOL]DUtD SDUD OD SUHSDUDFLyQ GHO FRQGXFWR SHUR HQ
FRQGXFWRV PiV DQFKRV VH GHEHUtD XVDU WDPELpQ OD GH
WDPDxRILJXUD
Fig 10. Variación de la sección transversal de la lima One Shape 





3RU RWUD SDUWH HQ FDVR GH FRQGXFWRV PX\ DELHUWRV
SXHGHQVHUQHFHVDULDVOLPDVDGLFLRQDOHV\7RGDV
WLHQHQXQDFRQLFLGDGGHO
(VWH VLVWHPD HVWi IDEULFDGR FRQ 1L7L \ ODV OLPDV







Fig 11. Lima del tamaño 25 del sistema F360. 
Fig 12. Sección transversal de doble “S” del sistema F360. 
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7UDEDMD FRQ XQ PRYLPLHQWR FRQWLQXR \ OD YHORFLGDG
UHFRPHQGDGDSDUD WRGDV ODV OLPDVHVGH USP\
XQWRUTXHGH1FP
6LVWHPD+\IOH[('02QH)LOH
(O VLVWHPD +\IOH[ ('02QH )LOH HV XQ VLVWHPD GH OLPD
~QLFD IRUPDGR SRU OD OLPD +\)OH[ 2QH )LOH  \







Fig 13. LimaHyFlex One File 25, del sistema HyFlex EDM. 
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(O VLVWHPD HVWi IDEULFDGR FRQ 1L7L SHUR SRVHHQ XQDV
QXHYDVSURSLHGDGHVJUDFLDVDOSURFHVRGHIDEULFDFLyQSRU
PHFDQL]DGRFRQGHVFDUJDHOpFWULFDR('0(VWHSURFHVR
FRQVLVWH HQ HO FRQWDFWR HQWUH HO PDWHULDO EDVH \ OD
KHUUDPLHQWD HOpFWULFD \D TXH JHQHUD XQD SRWHQWH
GHVFDUJD ODV FKLVSDV JHQHUDGDV GXUDQWH HVWH SURFHVR
KDFHQ TXH OD VXSHUILFLH GHO PDWHULDO VH IXQGD \ VH
HYDSRUH FUHDQGRXQD VXSHUILFLH FRQPD\RU IOH[LELOLGDG \
UHVLVWHQFLDDODURWXUD
&XHQWDQFRQXQHIHFWRGHPHPRULDFRQWURODGDTXHHYLWD
HO HVIXHU]R GXUDQWH OD SUHSDUDFLyQ FDPELDQGR VX IRUPD
HQHVSLUDO7UDVHO WUDWDPLHQWRFRQFDORU SRUHMHPSORGHO
SURFHVR GH DXWRFODYDGR  YXHOYHQ D UHFXSHUDU VX IRUPD








OD ]RQD GH OD SXQWD GHO LQVWUXPHQWR 6H UHFRPLHQGD

































$OHDFLyQ 1L7L 1L7L 1L7L




 (/ 352&(62 '( (16(f$1=$ 
$35(1',=$-( '( /26 ,167580(1726
(1'2'Ï17,&26
(O LQWHUpV SRU HO DSUHQGL]DMH GHO XVR GH ORV QXHYRV
LQVWUXPHQWRVHQGRGyQWLFRVTXHKDQLGRDSDUHFLHQGRHQHO
PHUFDGRKDOOHYDGRDOGHVDUUROORGHGLYHUVRVHVWXGLRV





et al @ $XQTXH HO XVR GH GLHQWHV SURSRUFLRQD
FRQGLFLRQHVFHUFDQDVDODVLWXDFLyQFOtQLFDORVEORTXHVGH
UHVLQD \ ORV GLHQWHV LPSUHVRV HQ ' VRQ FDSDFHV GH
QRUPDOL]DU ODV FRQGLFLRQHV \ SHUPLWHQ XQD FRPSDUDFLyQ
GLUHFWD 6LQ HPEDUJR SUHVHQWDQ GLIHUHQWHV
LQFRQYHQLHQWHV FRPR OD JHQHUDFLyQ GH FDORU OR FXDO
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SRGUtDFRQGXFLUD OD IUDFWXUDGH ORV LQVWUXPHQWRV ><RRet 
al@
$OJXQRVGHHVWRVHVWXGLRVKDQHYDOXDGRODSUHSDUDFLyQGH




ODV OLPDV PDQXDOHV VRQ PiV VHJXUDV TXH ORV VLVWHPDV
URWDWRULRV SRU OR TXH HV LPSRUWDQWH XQD IDVH SUHFOtQLFD
DQWHVGHHPSOHDUORV>$OUDKDEL@
/RV UHVXOWDGRV REWHQLGRV HQ OD LQVWUXPHQWDFLyQ FRQ
VLVWHPDV URWDWRULRV GH 1L7L SRU RSHUDGRUHV LQH[SHUWRV
GHPRVWUDURQ TXH H[LVWHQPiV GHIRUPDFLRQHV \ IUDFWXUDV
GH ORV LQVWUXPHQWRV >$O2PDUL et al  <DUHG et al
 <DUHG et al @ SHVH D HVWR RWURV HVWXGLRV
GHPXHVWUDQ TXH ORV RSHUDGRUHV LQH[SHUWRV FRQVLJXHQ
PHMRUHVUHVXOWDGRVFRQODLQVWUXPHQWDFLyQURWDWRULDGH1L
7L TXH FRQ OD PDQXDO >*OXVNLQ et al  3HUX et al
 6RQQWDJ et al  7X et al @ DXQTXH OD
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H[SHULHQFLD \ OD SUiFWLFD PHMRUDQ ORV UHVXOWDGRV GH OD












UHYLVLyQ ELEOLRJUiILFD VH EXVFy HQ ODV EDVH GH GDWRV





/DV SDODEUDV FODYHV XWLOL]DGDV IXHURQ ³HGXFDWLRQ´ ³URRW
FDQDO VKDSLQJ´ ³1L7L URWDWRU\ ILOHV´ ³VWXGHQWV´ \ ³VLQJOH
XVH´6HH[FOX\HURQ ORVDUWtFXORVTXHQRHQWUDEDQHQ ORV
OtPLWHV HVWDEOHFLGRV \ TXH DXQTXH FRQWXYLHUDQ WHPDV
VREUH OD FRQIRUPDFLyQ GH FRQGXFWRV FRQ LQVWUXPHQWRV
URWDWRULRVGH1L7LQRWHQtDQHQFXHQWD ODH[SHULHQFLDGH
ORVRSHUDGRUHV




FRQIRUPDFLyQ GH FRQGXFWRV FRQ OLPDV PDQXDOHV \
URWDWRULDVGH1L7LHQLQH[SHUWRV
/RVYDORUHVDQDOL]DGRV IXHURQ OD ORQJLWXGGH WUDEDMR ORV
HUURUHVGHFRQIRUPDFLyQGHIRUPLGDGHVDSLFDOHVFRGRV\
HVFDORQHV HO WUDVSRUWH GHO FRQGXFWR OD IUDFWXUD GH ORV
LQVWUXPHQWRVHO WLHPSRGH WUDEDMRHOEORTXHRDSLFDO\HO
HVSHVRUGHUHVLQDRGHGHQWLQDHOLPLQDGRVLHQGRODVOLPDV
URWDWRULDV 3UR)LOH 'HQWVSO\0DLOOHIHU %DOODLJXHV 6XL]D
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ODV PiV HPSOHDGDV DXQTXH WDPELpQ IXHURQ HVWXGLDGDV
RWUDV WDEODV  \  FRPR ODV)OH[0DWHU >6RQQWDJet al
@ ODV*7 >*OXVNLQet al @ ODV3UR7DSHU >7Xet 
al@\ODV.(QGR>$O2PDULet al@
6HFRPSDUDURQORVFRQGXFWRVUDGLFXODUHVDQWHV\GHVSXpV
GH OD LQVWUXPHQWDFLyQ VXSHUSRQLHQGR ODV LPiJHQHV
REWHQLGDVFRQXQDFiPDUDIRWRJUiILFDHQXQDSRVLFLyQILMD
H[FHSWR HQXQ FDVR >%DXPDQQet al@ HQ HO TXH VH
REWXYLHURQFRQXQDJUDEDFLyQGHYtGHR
6LQ HPEDUJR DOJXQRV GH ORV DUWtFXORV VHOHFFLRQDGRV
>3HUXet al *HNHOPDQet al @HYDOXDURQFRQ






































































Tabla 5. Limas empleadas, técnicas de comparación y conductos 
instrumentados en los artículos seleccionados (D: dientes 




'H ORV DUWtFXORV TXH WLHQHQ FRPR REMHWLYR GHWHUPLQDU OD
LQIOXHQFLD GHO RSHUDGRU HQHO XVRGH ODV OLPDV URWDWRULDV
VyOR %DXPDQQ \ FROV REWLHQHQ EXHQRV UHVXOWDGRV HQ OD
FRQIRUPDFLyQGH ORVFRQGXFWRVQRH[LVWLHQGRGLIHUHQFLDV
VLJQLILFDWLYDVHQHOQ~PHURGHOLPDVIUDFWXUDGDVWDQWRSRU
H[SHUWRV FRPR SRU LQH[SHUWRV (Q HVWH DUWtFXOR VH
UHDOL]DURQ FXDWUR JUXSRV IRUPDGRV SRU GRFH HVWXGLDQWHV
GH WHUFHUR GH RGRQWRORJtD GRFH SURIHVLRQDOHV GHO
GHSDUWDPHQWR XQ HQGRGRQFLVWD \ XQ HVWXGLDQWH
FDSDFLWDGR \ VH YDORUy OD GHVYLDFLyQ GH ORV 
FRQGXFWRV VLPXODGRV HQ EORTXHV GH UHVLQD H
LQVWUXPHQWDGRVFRQ3UR)LOH>%DXPDQQet al@
6LQHPEDUJRODPD\RUtDGHORVDUWtFXORVFRQILUPDQTXHOD
H[SHULHQFLD PHMRUD HO PDQHMR GH ORV LQVWUXPHQWRV
URWDWRULRV \ ORV UHVXOWDGRV REWHQLGRV HQ OD FRQIRUPDFLyQ
GH FRQGXFWRV (Q HO DUWtFXOR GH $O2PDUL \ FROV VH
FRQIRUPDURQQ  FRQGXFWRV VLPXODGRV HQ EORTXHV GH
UHVLQD SRU XQ H[SHUWR \ RWURV  SRU  LQH[SHUWRV FRQ
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OLPDV 3UR)LOH \ . /RV UHVXOWDGRV HYLGHQFLDURQ TXH ORV
LQH[SHUWRV WDUGDEDQ PiV HQ UHDOL]DU HO WUDWDPLHQWR
HOLPLQDEDQ PiV UHVLQD GHO FRQGXFWR IUDFWXUDEDQ PiV
LQVWUXPHQWRV SURGXFtDQ PiV WUDQVSRUWH DSLFDO \ OHV
FRVWDEDPiVPDQWHQHU OD ORQJLWXG GH WUDEDMR SRU OR TXH
OOHJDURQDODFRQFOXVLyQGHTXHORVRSHUDGRUHVLQH[SHUWRV
GHEHUtDQ  XVDU LQVWUXPHQWRV PHQRV DJUHVLYRV H LU
SUREDQGR RWURV D PHGLGD TXH YDQ JDQDQGR H[SHULHQFLD
>$O2PDULet al@
0DQGHO \ FROV OOHJDQ D OD PLVPD FRQFOXVLyQ SHUR HVWD
YH] GLYLGLHQGR  FRQGXFWRV VLPXODGRV HQ EORTXHV GH
UHVLQD HQ GRVHQGRGRQFLVWDV \ WUHV GHQWLVWDV JHQHUDOHV
XWLOL]DQGR VROR HO VLVWHPD 3UR)LOH $ILUPDQ TXH HV
QHFHVDULD OD H[SHULHQFLD \ HO DSUHQGL]DMH SDUD REWHQHU
EXHQRV UHVXOWDGRV >0DQGHO et al @ +lQQL \ FROV
UHDOL]DURQ XQD REVHUYDFLyQ HQ OD IDFXOWDG WUDV OD
LQWURGXFFLyQ GHO VLVWHPD 3UR)LOH HQ ORV HVWXGLDQWHV GH


































   
%DXPDQQHW
DO
     
$O2PDULHW
DO
     
+lQQLHWDO

     
0HVJRXH]
HWDO
     
*ROGEHUJHW
DO
/ 6  / 6  / 6 
1RKD\GLIHUHQFLDV
VLJQLILFDWLYDV
     
Tabla 6. Trasporte del canal, limas fracturadas y tiempo 
empleaĚo en la instrumentación de los conductos en los 
artículos que determinan la influencia del operador en el uso de 




WLHPSR QHFHVDULR SDUD UHDOL]DU OD FRQIRUPDFLyQ HQWUH
RSHUDGRUHV H[SHUWRV H LQH[SHUWRV $ILUPDURQ TXH HO





/RVDUWtFXORV FX\R REMHWLYR HV FRPSDUDU OD FRQIRUPDFLyQ
GHFRQGXFWRVFRQOLPDVPDQXDOHV\URWDWRULDVGH1L7LHQ
LQH[SHUWRVDILUPDQHQWRGRV ORVFDVRVTXH ORVUHVXOWDGRV
VRQ PHMRUHV FXDQGR ORV RSHUDGRUHV XVDQ LQVWUXPHQWRV
URWDWRULRVGH1L7L
6RQQWDJ\FROVFRPSDUDURQODVOLPDVPDQXDOHVGHDFHUR
LQR[LGDEOH )OH[LFXW FRQ ODV URWDWRULDV )H[0DVWHU
WUDEDMDQGR  FRQGXFWRV VLPXODGRV SRU  HVWXGLDQWHV
GHSUHJUDGR$ILUPDURQTXHODIRUPDRULJLQDOGHOFRQGXFWR




H[LVWHPiV ULHVJR GH IUDFWXUD >6RQQWDJ et al @ (Q
RWURDUWtFXORHOPLVPRDXWRUFRPSDUDODVOLPDVPDQXDOHV
\ URWDWRULDV GH1L7L FRQIRUPDQGR  FRQGXFWRV SRU 
HVWXGLDQWHV GH SUHJUDGR ODV FRQFOXVLRQHV VRQ ODV




FRQ ODV URWDWRULDV *770 REWHQLHQGR ORV PLVPRV
UHVXOWDGRV TXH 6RQQWDJ REWXYR DO FRPSDUDU ODV OLPDV
PDQXDOHVGHDFHUR LQR[LGDEOH FRQ ODV URWDWRULDV >*OXVNLQ
et al@DOLJXDOTXHRWURHVWXGLR>7Xet al@TXH























































































   
Tabla 7. Trasporte del conducto, limas fracturadas y tiempo 
empleado en la instrumentación de los conductos en los artículos 
seleccionados que comparan el uso de limas manuales y 




6,67(0$6 '( /,0$ '( 1,7, $&7,9$'$ 325 81 02725 '(
029,0,(172$/7(51$17(
(Q FXDQWR D ORV VLVWHPDV GH XQD ~QLFD OLPD GH 1L7L
DFWLYDGD SRU XQ PRWRU GH PRYLPLHQWR DOWHUQDQWH VyOR
HQFRQWUDPRVXQDUWtFXORHQWRGDODELEOLRJUDItDTXHHYDO~D
ODV GLIHUHQFLDV HQ OD LQVWUXPHQWDFLyQ HQWUH RSHUDGRUHV
H[SHUWRV H LQH[SHUWRV >*ROGEHUJ et al @ (Q pO VH
XWLOL]D HO VLVWHPD URWDWRULR GH OLPD ~QLFD \ PRYLPLHQWR
DOWHUQDQWH:DYH 2QH SDUD LQVWUXPHQWDU WDFRV GH UHVLQD
GHFXUYDWXUDVGREOH\VLPSOH
6X HVWXGLR FRQVLVWLy HQ OD HYDOXDFLyQ GHO FHQWUDGR GHO
FRQGXFWRHQJUXSRVGHRSHUDGRUHVHOJUXSRIRUPDGR
SRU XQ RSHUDGRU TXH LQVWUXPHQWy  FRQGXFWRV GH
FXUYDWXUD VLPSOH HO JUXSR  IRUPDGR SRU  RSHUDGRUHV
LQH[SHUWRV TXH LQVWUXPHQWDURQ  FRQGXFWR GH FXUYDWXUD





/RV UHVXOWDGRV REWHQLGRV QR PRVWUDURQ GLIHUHQFLDV
VLJQLILFDWLYDV HQWUH HO RSHUDGRU H[SHUWR \ ORV LQH[SHUWRV
SRU OR TXH DILUPDURQ TXH HV XQ EXHQ VLVWHPD SDUD VHU





FRQVHJXLU XQD EXHQD LQVWUXPHQWDFLyQ GH ORV FRQGXFWRV
UDGLFXODUHV OR FXDO UHTXLHUH KDELOLGDG GHVWUH]D \
HQWUHQDPLHQWR
'HELGR D OD JUDQ GLYHUVLGDG GH VLVWHPDV GH OLPDV TXH
H[LVWHQ HO PHUFDGR \ ORV QXHYRV TXH YDQ DSDUHFLHQGR
WDQWR HOOD SURIHVLRQDO FRQ PiV H[SHULHQFLD FRPR HOOD
PHQRVH[SHULPHQWDGRDQHFHVLWDXQDIDVHGHDGDSWDFLyQ
\DSUHQGL]DMHFRQFDGDXQRGHHOORV
/RV HVWXGLRV in vitro GRQGH VH HYDO~D OD QHFHVLGDG GH





FRQGXFWRV D OD YH] HVWi DGTXLULHQGR GHVWUH]D HQ HVWD




HQ OD PHWRGRORJtD GH ORV HVWXGLRV SUHYLRV $OJXQRV
HVWXGLRVDQDOL]DQODFRQIRUPDFLyQGHFRQGXFWRVUHDOL]DGD
SRU XQ JUDQ Q~PHUR GH RSHUDGRUHV TXH LQVWUXPHQWDQ






FRQ VLVWHPDV URWDWRULRV GH OLPDV P~OWLSOHV SHUR KDVWD
GRQGHQRVRWURVFRQRFHPRVVyORXQDUWtFXOR>*ROGEHUJHW
DO @ KD HYDOXDGR OD LQIOXHQFLD GH OD H[SHULHQFLD GHO
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RSHUDGRU HQ OD SUHSDUDFLyQGH ORV FRQGXFWRV UDGLFXODUHV













 (YDOXDU OD LQIOXHQFLD GH OD H[SHULHQFLD GHO  GH OD
RSHUDGRUD HQ OD FRQIRUPDFLyQ GH FRQGXFWRV
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VLPXODGRV FRQ XQ VLVWHPD URWDWRULR DOWHUQDQWH GH
QtTXHOWLWDQLR GH OLPD ~QLFD HYDOXDQGR OD
DPSOLDFLyQ GHO FRQGXFWR WUDV VHU LQVWUXPHQWDGR \
HOWLHPSRHPSOHDGR
 (YDOXDU HO QLYHO GH DSUHQGL]DMH SURJUHVLYR HQ OD
SUHSDUDFLyQ GH ORV FRQGXFWRV GXUDQWH HO SURFHVR
GHHQVHxDQ]DGH OD LQVWUXPHQWDFLyQGHFRQGXFWRV
XWLOL]DQGREORTXHVGHPHWDFULODWRFRQXQVLVWHPD
URWDWRULR GH OLPD ~QLFD \PRYLPLHQWR DOWHUQDQWH \




 (YDOXDU OD LQIOXHQFLD GHO  GH OD RSHUDGRUD HQ OD
FRQIRUPDFLyQ GH FRQGXFWRV UDGLFXODUHV FRQ XQ





























(Q SULPHU OXJDU UHDOL]DPRV XQ HVWXGLR SDUD HYDOXDU OD
LQIOXHQFLD GH OD H[SHULHQFLD GHO RSHUDGRU HQ HO XVR GH
VLVWHPDVGHOLPD~QLFD
3DUD HOOR VH LQVWUXPHQWDURQ VHVHQWD FRQGXFWRV GHGREOH
FXUYDWXUDVLPXODGRVHQWDFRVGHPHWDFULODWR$6
 'HQWVSO\0DLOOHIHU %DOODLJXHV 6XL]D SRU 
HVWXGLDQWHV GH RGRQWRORJtD VLQ H[SHULHQFLD HQ
WUDWDPLHQWRV GH FRQGXFWRV \ SRU  RGRQWyORJRV HQ
IRUPDFLyQSRVWJUDGXDGDHQ(QGRGRQFLDWRGRVHOORVGHOD
8QLYHUVLWDW GH 9DOqQFLD /RV HVWXGLDQWHV SUHJUDGXDGRV
UHFLELHURQVRODPHQWHLQIRUPDFLyQWHyULFDVREUHHOVLVWHPD
GH SUHSDUDFLyQ GH FRQGXFWRV PLHQWUDV TXH ORV





(VWXGLRV FRPR ORV GH 6RQQWDJ et al  \ 7X et al
 FRQVLGHUDQ LQH[SHUWRV D FXDOTXLHU HVWXGLDQWH VLQ
H[SHULHQFLD HQ OD SUHSDUDFLyQ GH FRQGXFWRV RWURV D
RGRQWyORJRV JHQHUDOLVWDV >0DQGHO et al @ >$O2PDUL
et al@\RWURVDHVWXGLDQWHVGHGLYHUVRVFXUVRVGH
2GRQWRORJtD >%DXPDQQ et al  *OXVNLQ 
*ROGEHUJet al @ < VH FRQVLGHUDQ H[SHUWRV GHVGH
HQGRGRQFLVWDV FRQ PiV GH  DxRV GH H[SHULHQFLD >$O
2PDUL et al @ D RSHUDGRUHV TXH VLPSOHPHQWH
FRQRFHQ OD WpFQLFD TXH VH YD D XWLOL]DU HQ HO HVWXGLR
>0HVJRXH]et al*ROGEHUJet al@(QQXHVWUR
HVWXGLRFRQVLGHUDPRVLQH[SHUWRVDRSHUDGRUHVVLQQLQJ~Q
WLSR GH FRQRFLPLHQWR HQ (QGRGRQFLD HVWXGLDQWHV GH
SULPHU \ VHJXQGR DxR GH 2GRQWRORJtD /RV H[SHUWRV
IXHURQHQGRGRQFLVWDVFRQPiVGHDxRVGHH[SHULHQFLD\
FRQH[SHULHQFLDHQHOXVRGHOLQVWUXPHQWRXWLOL]DGR
/RV EORTXHV GH DFUtOLFR FRQ FRQGXFWRV VLPXODGRV WHQtDQ






(PSOHDPRV EORTXHV GH UHVLQD \D TXH PXOWLWXG GH
HVWXGLRV SUHYLRV ORV XWLOL]DQ SDUD HYDOXDU WDQWR OD
LQVWUXPHQWDFLyQ FRQ OLPDV PDQXDOHV  FRPR URWDWRULDV
GHPRVWUiQGRVH TXH HVWH PRGHOR H[SHULPHQWDO HV
FLHQWtILFDPHQWHYiOLGR>/RL]LGHVHWDO@\TXHSHUPLWH





3ULPHUR ORV FRQGXFWRV VH LUULJDURQ FRQ DJXD \ VH
SHUPHDELOL]DURQ FRQ XQD OLPD . GHO  D  PP D
FRQWLQXDFLyQ IXHURQ LQVWUXPHQWDGRV FRQ OD OLPD 5 GHO
VLVWHPD 5HFLSURF 9': 0~QLFK $OHPDQLD FRQ XQD
ORQJLWXG GH WUDEDMR GH PP XWLOL]DQGR HO PRWRU
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UHWURFHVR SDUD SRVWHULRUPHQWH LUULJDU FRQ DJXD \





/RV WDFRV IXHURQ IRWRJUDILDGRV DQWHV \ GHVSXpV GH OD
LQVWUXPHQWDFLyQ FRQ OD FiPDUD 1LNRQ ' 1LNRQ
$PVWHUGDP3DtVHV%DMRVHQXQDSRVLFLyQILMDILJXUD
/DV LPiJHQHVREWHQLGDVIXHURQWUDWDGDVFRQHOSURJUDPD
$GREH 3KRWRVKRS &6 $GREH 6\VWHPV ,QFRUSRUDWHG




6REUH HO SHUILO GHO FRQGXFWR VH WUD]DURQ  VHFFLRQHV GHO
PLVPRSHUSHQGLFXODUHVDVXHMH/DSULPHUDDOFRPLHQ]R






HQWUH HO FRQGXFWR LQLFLDO \ HO FRQGXFWR UHVXOWDQWH WUDV OD
LQVWUXPHQWDFLyQPHGLDQWHHOSURJUDPD,PDJH-1DWLRQDO
,QVWLWXWHV RI +HDOWK %HWKHVGD 0DU\ODQG DVt FRPR OD
GLVWDQFLD TXH KD\ GHVGH HO FRQWRUQR GHO FRQGXFWR
LQVWUXPHQWDGR HQDPERV ODGRVKDVWDHO FRQWRUQR LQLFLDO
GHO FRQGXFWR 3DUD HOOR VH HVWDEOHFLy OD HVFDOD GH OD
LPDJHQ WRPDQGRFRPRUHIHUHQFLD ORVPPTXHPHGtD
HODQFKRGHOWDFRGHUHVLQD\DFRQWLQXDFLyQVHILMDURQORV
SXQWRV GHVGH GRQGH VH WRPDUtDQ ODV GLIHUHQWHV
PHGLFLRQHV ILJXUD  7DPELpQ VH PLGLy OD GLIHUHQFLD
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HQWUH ODViUHDVGHOFRQGXFWR LQLFLDO\GHOFRQGXFWRWUDV OD
LQVWUXPHQWDFLyQ
8WLOL]DPRV OD IRWRJUDItD GLJLWDO SDUD OD VXSHUSRVLFLyQ GHO
FRQGXFWR SRUTXH HV XQ PpWRGR H[DFWR SDUD OD
UHSURGXFLELOLGDG(VWHPRGHORHVDPSOLDPHQWHXWLOL]DGRHQ
OD OLWHUDWXUD SHUR WLHQH OLPLWDFLRQHV >0DGXUHLUD HW DO
@ DFWXDOPHQWH OD WRPRJUDItDPLFURFRPSXWDUL]DGDHV
XQ PRGHOR PiV FHUFDQR D OD UHDOLGDG FOtQLFD SHUR QR
SHUPLWH OD FRPSDUDFLyQ GLUHFWD \ REMHWLYD HQWUH
RSHUDGRUHV(VWXGLRVFRPRHOGH/RL]LGHVet al >/RL]LGHV
HW DO @ OR KDQ HPSOHDGR SDUD FRPSDUDU OD
LQVWUXPHQWDFLyQHQWUHHO VLVWHPD+HUR\3UR7DSHUR.LP
HWDO>.LPet al@SDUDFRPSDUDU:DYH2QH\ODOLPD
) GH 3UR7DSHU VLQ HQFRQWUDU GLIHUHQFLDV
HVWDGtVWLFDPHQWHVLJQLILFDWLYDV






7UDV FRPSUREDU TXH OD GLVWULEXFLyQ GH ORV GDWRV VHJXtD
XQD GLVWULEXFLyQ QRUPDO VH DSOLFy HO WHVW $129$ SDUD
FRPSDUDUORVYDORUHVPHGLRVREWHQLGRVSRUORVGRVJUXSRV
GHRSHUDGRUHVLQH[SHUWRV\H[SHUWRV










Fig 14. Fotografía del 
conducto sin 
instrumentar (A) e 
instrumentado (B). 
 
Fig 15. Combinación de la fotografía antes y 
después de instrumentar, después del filtro 








Fig 16. Medidas realizadas con el programa Image J (National 
Institutes of Health, Bethesda, Maryland). 1, Conducto inicial; 2. 
conducto final; 3, desviación a la izquierda; 4, Desviación a la derecha. 
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XQD VROD FXUYDWXUD VLPXODGRV VREUH XQ VRSRUWH GH
PHWDFULODWR WUDQVSDUHQWH $    'HQWVSO\
0DLOOHIHU %DOODLJXHV 6XL]D FRQ ODV VLJXLHQWHV









,1)/8(1&,$ '(/ $35(1',=$-( 352*5(6,92 (1 (/ 7$0$f2
08(675$/
&XDQGR VH HVWXGLD OD SUHSDUDFLyQ GH FRQGXFWRV VREUH
EORTXHV GH HQWUHQDPLHQWR QR VH WLHQH HQ FXHQWD TXH
GXUDQWH HO WUDEDMR VREUH EORTXHV VXFHVLYRV KD\ XQ
DSUHQGL]DMH SURJUHVLYR 'HELGR D OD JUDQ YDULDELOLGDG GH




PHGLR GH DPSOLDFLyQ GHO FRQGXFWR HQWUH XQ EORTXH \ HO
VLJXLHQWHFRQHO ILQGHHVWDEOHFHUHOQ~PHURGHEORTXHV





(V SRU HVWR SRU OR TXH QR VH KL]R XQD VHOHFFLyQ GHO
Q~PHUR GH HOHPHQWRV PXHVWUDOHV HQ HO FDVR GH ORV
EORTXHVTXHLEDQDVHUXWLOL]DGRV\DTXHVHHVWDEOHFLy LU
FRPSDUDQGR ORV EORTXHV XQR D XQR HQWUH ORV JUXSRV
H[SHUWRH LQH[SHUWRKDVWDHQFRQWUDUXQEORTXHHQHOTXH





3DUD HOOR HQ SULPHU OXJDU HV QHFHVDULR HVWDEOHFHU ORV
WDPDxRVPXHVWUDOHV Q \P GRQGH ³Q´HVHO Q~PHURGH
LQGLYLGXRV TXH IRUPDUiQ SDUWH GH FDGDPXHVWUD \ ³P´ HO










GHGHVYLDFLyQ GHO FRQGXFWR UDGLFXODU WUDV VX SUHSDUDFLyQ
FDOFXODGR FRPR HO SURPHGLR GH ODV GHVYLDFLRQHV GHO
FRQGXFWR HQ  VHJPHQWRV SUHGHWHUPLQDGRV FRPR VH
GHVFULELUi D FRQWLQXDFLyQ \ HO WLHPSR HPSOHDGR SDUD OD
SUHSDUDFLyQGHOFRQGXFWR
(O FiOFXOR GHO WDPDxR GH ODPXHVWUD HVWi EDVDGR HQ XQ
FRQWUDVWHGHKLSyWHVLVXQLODWHUDOGRQGHORTXHVHSUHWHQGH
FRPSDUDU HV OD SUREDELOLGDG GH p[LWR GH DPEDV
SREODFLRQHV D SDUWLU GH ORV SRUFHQWDMHV GH p[LWR
REVHUYDGRVHQODVPXHVWUDVTXHODVUHSUHVHQWDQ
$ HVWH FRQWUDVWH GH KLSyWHVLV FRUUHVSRQGH OD KLSyWHVLV






7HQLHQGR HQ FXHQWD ORV HUURUHV GH WLSR , \ ,, TXH VH
GHVHDQ DGPLWLU HQ GLFKR FRQWUDVWH GH KLSyWHVLV \
DVXPLHQGR TXH ODV PHGLDV VLJXHQ XQD GLVWULEXFLyQ
QRUPDO HV SRVLEOH FDOFXODU HO YDORU GH Q D SDUWLU GH OD




/D FRWD VXSHULRU DGPLVLEOH SDUD HO HUURU GH WLSR ,
SUREDELOLGDGGH UHFKD]DU+VLHQGRFLHUWDGHQRPLQDGD
D QLYHO GH VLJQLILFDFLyQ R QLYHO GH FRQILDQ]D GHO WHVW




GH WLSR ,, R E SUREDELOLGDG GH DFHSWDU + VLHQGR IDOVD
GHWHUPLQD ODSRWHQFLDGHO WHVW E\SHUPLWHFDOFXODU HO
YDORU]E6XSRQLHQGRE E VHREWLHQH]E 
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(V GHVHDEOH XQ YDORU DOWR GH OD SRWHQFLD E SXHV HV
pVWD OD FDSDFLGDG GHO WHVW SDUD GHWHFWDU GLIHUHQFLDV
HVWDGtVWLFDPHQWHVLJQLILFDWLYDV
3DUD OD HVWLPDFLyQ GH V VH XWLOL]DURQ ORV GDWRV
SUHOLPLQDUHV REVHUYDGRV HQ XQD PXHVWUD GH 
SUHSDUDFLRQHVUHDOL]DGDVSRUSURIHVLRQDOHVH[SHUWRVDV\
UHDOL]DGDVSRUSHUVRQDOLQH[SHUWR(QGLFKDPXHVWUDOD




XQD SUXHED 7 GH 6WXGHQW GH XQD VROD FROD SDUD GRV
PXHVWUDVLQGHSHQGLHQWHVFRQQLYHOGHVLJQLILFDFLyQLJXDOD
 \ SRWHQFLD LJXDO D  HV FDSD] GH GHWHFWDU





7HQLHQGR HQ FXHQWD OR DQWHULRU VH FRQVWLWX\HURQ GRV
JUXSRV GH HVWXGLR XQR GH ³LQH[SHUWRV´ \ RWUR GH
³H[SHUWRV´ HO SULPHUR GH HOORV IRUPDGR SRU SHUVRQDO VLQ




&È/&8/2 '(/ 1Ò0(52 '( 02'(/26 '( &21'8&726
1(&(6$5,26
(Q FXDQWR DO WDPDxR PXHVWUDO P VH GHFLGLy QR
GHWHUPLQDUORLQLFLDOPHQWH\XVDUHOQ~PHURGHEORTXHVGH
HQWUHQDPLHQWR QHFHVDULRV TXH VH IXHURQ DQDOL]DQGR \
FRPSDUDQGR XQR D XQR HQ DPERV JUXSRV KDVWD QR
HQFRQWUDU GLIHUHQFLDV VLJQLILFDWLYDV QL SDUD OD YDULDEOH









VLVWHPD URWDWRULR GH OLPD ~QLFD \ PRYLPLHQWR DOWHUQDQWH
TXH LEDD VHUXVDGRHQHVWDHWDSDGHO HVWXGLRPLHQWUDV








/RV WDFRV IXHURQ IRWRJUDILDGRV \ ODV LPiJHQHV IXHURQ







6REUH HO SHUILO GHO FRQGXFWR VH WUD]DURQ  VHFFLRQHV GHO
PLVPR SHUSHQGLFXODUHV D VX HMH FRURQRDSLFDO /D
SULPHUD DO FRPLHQ]R GHO FRQGXFWR OD VHJXQGD HQ HO
SULPHUWHUFLRGHOFRQGXFWRDQWHVGHODSULPHUDFXUYDWXUD
OD WHUFHUDHQHOVHJXQGR WHUFLRGHOFRQGXFWR DQWHVGH OD
SULPHUD FXUYDWXUD OD FXDUWD HQ OD FXUYDWXUD OD TXLQWD
HQWUH ODFXUYDWXUD\HO ILQDOGHOFRQGXFWR\ ODVH[WDHQHO
ILQDOGHOFRQGXFWRILJXUD 
Figura 17. Fotografía antes de la instrumentación (A), 
después de la instrumentación (B) y superposición de ambas 




Fig 18. Combinación de la fotografía antes y después de 
instrumentar, después del filtro “hallar bordes” y con los segmentos 
trazados. “A” Medición del conducto antes de ser instrumentado, “B” 







/RV RSHUDGRUHV IXHURQ FURQRPHWUDGRV GHVGH TXH
FRPHQ]y OD LUULJDFLyQGHOFRQGXFWRKDVWDTXHVHDOFDQ]y






+ ( 1 \ FRPR KLSyWHVLV DOWHUQDWLYD + ( 1
3DUD OD FRPSDUDFLyQ GH UHVXOWDGRV SURYHQLHQWHV GH
GLVWLQWRV WDFRV SDUD XQ PLVPR JUXSR VH WUDWD GH XQ
FRQWUDVWH GH PXHVWUDV LJXDOHV 3DUD OD FRPSDUDFLyQ GH
UHVXOWDGRVSURYHQLHQWHV GHJUXSRVGLIHUHQWHV VH WUDWD GH
XQFRQWUDVWHGHPXHVWUDVLQGHSHQGLHQWHV
6LHOSYDORUGHOFRQWUDVWHHVLQIHULRUDVHUHFKD]D+
\ VH FRQVLGHUD TXH ORV GDWRV SURYLHQHQ GH SREODFLRQHV
GLIHUHQWHV (Q FDVR FRQWUDULR VH DFHSWD+ \ VH GD SRU
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FLHUWR TXHDPEDVSREODFLRQHV WLHQHQXQ FRPSRUWDPLHQWR
VLPLODU
/DVYDULDEOHVGHUHVSXHVWDTXHVHDQDOL]DUiQVRQWLHPSR
GH HMHFXFLyQ \ SRUFHQWDMH GHPRGLILFDFLyQ GHO FRQGXFWR
HQDPERVFDVRVWUDVODLQVWUXPHQWDFLyQGHOFRQGXFWR





GHFLGLPRV HQ HVWD WHUFHUD SDUWH GH QXHVWUR HVWXGLR
FRPSDUDU ORV UHVXOWDGRV HQWUH FRQGXFWRV GH FXUYDWXUD
VLPSOH \ GREOH FXUYDWXUD \ DVt DQDOL]DU VL H[LVWtD XQD
LQIOXHQFLD HQ OD KDELOLGDG GH DSUHQGL]DMH GH ORV
RSHUDGRUHV





TXH ORV JUXSRV HVWXYLHUDQ IRUPDGRV SRU  RSHUDGRUHV
ORVFXDOHVGHEHUtDQLQVWUXPHQWDUFDGDXQRFRQGXFWRV
'H HVWH PRGR  FRQGXFWRV GH GREOH FXUYDWXUD
VLPXODGRVVREUHXQVRSRUWHGHPHWDFULODWRWUDQVSDUHQWH





*UDGR GH 2GRQWRORJtD VLQ QLQJXQD H[SHULHQFLD HQ












/RV EORTXHV FRQ ORV FRQGXFWRV VLPXODGRV IXHURQ
IRWRJUDILDGRV\WUDWDGRVVLJXLHQGRHOPLVPRSURFHGLPLHQWR
\DGHVFULWRHQODVHWDSDVSUHYLDVGHOHVWXGLR
6REUH HO SHUILO GHO FRQGXFWR GH GREOH FXUYDWXUD VH
WUD]DURQWDPELpQVHFFLRQHVSHUSHQGLFXODUHVDVXHMH
/DSULPHUDDOFRPLHQ]RGHOFRQGXFWRODVHJXQGDDPLWDG
GHO FRPLHQ]R GHO FRQGXFWR DQWHV GH OD SULPHUD
FXUYDWXUD OD WHUFHUD HQ OD SULPHUD FXUYDWXUD OD FXDUWR
HQWUH OD SULPHUD FXUYDWXUD \ OD VHJXQGD OD TXLQWD HQ OD
VHJXQGD FXUYDWXUD \ OD VH[WD HQ HO ILQDO GHO FRQGXFWR
ILJXUDV   \  UHSURGXFLHQGR HO SURFHGLPLHQWR
VHJXLGRFRQDQWHODFLyQ
(QFDGDVHJPHQWRVHPLGLHURQODVGLIHUHQFLDVGHWDPDxR








/RV UHVXOWDGRV REWHQLGRV IXHURQ FRPSDUDGRV FRQ ORV
REWHQLGRVDO LQVWUXPHQWDUORVFRQGXFWRVGHFXUYDWXUD
VLPSOH VLPXODGRV HQ EORTXHV GHPHWDFULODWR $  
 'HQWVSO\0DLOOHIHU %DOODLJXHV 6XL]D TXH
SUHVHQWDURQ ODV VLJXLHQWHV FDUDFWHUtVWLFDV ORQJLWXG GH
WUDEDMR GH PP UDGLR GH FXUYDWXUD GHPP \ FRQ XQ
iQJXOR GH  >Pruett et al @ \ TXH IXHURQ
LQVWUXPHQWDGRVSRUHVWXGLDQWHV\SURIHVLRQDOHVTXH










GH UHVXOWDGRV SURYHQLHQWHV GH GLVWLQWRV WDFRV SDUD XQ
PLVPR JUXSR VH WUDWD GH XQ FRQWUDVWH GH PXHVWUDV




TXH DPERV JUXSRV H[SHUWRLQH[SHUWR WLHQHQ XQ
FRPSRUWDPLHQWRVLPLODU
/DV YDULDEOHV GH UHVSXHVWD D DQDOL]DU VRQ WLHPSR GH





























(Q HO JUXSR ³LQH[SHUWR´ VH DQDOL]DURQ  WDFRV GH
PHWDFULODWR \ HQ HO ³H[SHUWR´  SXHVWR TXH QR VH
HYDOXDURQ DTXHOORV FRQGXFWRV GRQGH VH IUDFWXUy DOJ~Q
LQVWUXPHQWR
 
  ,QFUHPHQWR GHO iUHD GHO FRQGXFWR WUDV OD
LQVWUXPHQWDFLyQ
1R VH REWXYLHURQ GLIHUHQFLDV VLJQLILFDWLYDV HQ OD
SURSRUFLyQ GH LQFUHPHQWR GHO iUHD GHO FRQGXFWR HQWUH








6H REWXYLHURQ GLIHUHQFLDV VLJQLILFDWLYDV HQ HO WUDQVSRUWH
GHO FRQGXFWR GHO WHUFHU VHJPHQWR S 
SHUWHQHFLHQWH D ODSULPHUD FXUYDWXUDGRQGH ODPHGLD GH
SRUFHQWDMH GH DXPHQWR IXH GH  HQ HO JUXSR
LQH[SHUWR \  HQ HO H[SHUWR 1R VH HQFRQWUDURQ
Fig 19. Conductos simulados a partir de las medias (en rojo el 
conducto sin instrumentar, en verde el instrumentado por el grupo 









 6H REWXYLHURQ GLIHUHQFLDV VLJQLILFDWLYDV HQWUH
RSHUDGRUHVDV H[SHUWRVDV H LQH[SHUWRVDV HQ OD
GHVYLDFLyQGHOFRQGXFWRHQHOVHJPHQWR\S \
S  UHVSHFWLYDPHQWH SHUWHQHFLHQWHV D ORV
 ,QH[SHUWRV ([SHUWRV S
6HJPHQWR   
6HJPHQWR   
6HJPHQWR   
6HJPHQWR   
6HJPHQWR   
6HJPHQWR   
Tabla 8. Porcentaje de aumento del conducto por segmentos. 
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VHJPHQWRV DQWHULRUHV D OD SULPHUD \ VHJXQGD FXUYDWXUD
(QFRQWUDQGR XQDPHQRU GHVYLDFLyQ KDFLD OD GHUHFKD HQ




XQ PD\RU GHVJDVWH HQ OD YHUWLHQWH LQWHUQD GH DPEDV
ILJXUD
 Fig 20. Aumento del tercer segmento donde A es la desviación 
izquierda y B la derecha, en esta imagen podemos apreciar el 






(VWXGLRV FRPR HO GH $O2PDUL et al  REWLHQHQ
































LQH[SHUWR DGHPiV pVWH HV PD\RU HQ HO SULQFLSLR GH OD
FXUYDWXUD
(O HVWXGLR UHDOL]DGR SRU 0DGXUHLUD \ FROV FRQ FXDWUR
VLVWHPDV GH OLPDV 3URILOH 3UR7DSHU . OLPDV .
PDQXDOHV \ +HUR  \ XWLOL]DQGR WDPELpQ FRQGXFWRV
VLPXODGRV GH GREOH FXUYDWXUD HYLGHQFLy XQ PD\RU
GHVJDVWH HQ OD YHUWLHQWH LQWHUQD GH DPEDV FXUYDWXUDV
>0DGXUHLUDet al @ DO LJXDO TXHHQQXHVWUR HVWXGLR
6LQ HPEDUJR RWURV HVWXGLRV REVHUYDURQ XQ PD\RU
GHVJDVWHHQODYHUWLHQWHLQWHUQDGHODSULPHUDFXUYDWXUD\
HQ ODYHUWLHQWHH[WHUQDGH ODVHJXQGD >%LVKRSHWDO
&ROHPDQHWDO$O2PDULet al@1RREVWDQWH
HO WUDQVSRUWHDSLFDOVHGDH[DFWDPHQWHVREUH ODVPLVPDV
SDUHGHV HQ WRGRV ORV HVWXGLRV OD GLIHUHQFLD HV TXH HQ







 /RV RSHUDGRUHV H[SHUWRV WDUGDURQ
VLJQLILFDWLYDPHQWHS PHQRVWLHPSRHQLQVWUXPHQWDU

















(Q FXDQWR DO ³WLHPSR GH HMHFXFLyQ´ VH REVHUYy TXH HO
WLHPSR HPSOHDGR HQ ORV EORTXHV GHO  DO  IXH
VLJQLILFDWLYDPHQWH GLIHUHQWH HQ FRPSDUDFLyQ DO HPSOHDGR
HQ HO EORTXH  WDEOD  $ SDUWLU GHO EORTXH  LQFOXLGR
pVWHHOWLHPSRQRHVGLIHUHQWHUHVSHFWRGHOHPSOHDGRHQ
HOEORTXH LQPHGLDWRDQWHULRU6HSRGUtDDGPLWLUTXHSDUD
LJXDODU HO WLHPSR GH WUDEDMR HQWUH XQ SURIHVLRQDO VLQ
H[SHULHQFLD \ RWUR H[SHUWR HV QHFHVDULR TXH HO SULPHUR
HQWUHQHFRQDOPHQRVEORTXHV
$O DQDOL]DU OD YDULDEOH ³SRUFHQWDMHPHGLR GH GHVYLDFLyQ´
QR VH GHWHFWDQ FDPELRV GH XQ EORTXH D RWUR WDEOD 
(VWXGLRV VLPLODUHV WDPSRFR KDOODURQGLIHUHQFLDV UHVSHFWR









VLJQLILFDWLYDPHQWH FRQ UHVSHFWR DO EORTXH  $ SDUWLU GHO
EORTXHLQFOXLGRpVWHHOWLHPSRQRHVGLIHUHQWHUHVSHFWR
GHOHPSOHDGRHQHOEORTXHLQPHGLDWRDQWHULRUWDEOD




6H HVWDEOHFLy SDUD FDGD EORTXH OD H[LVWHQFLD GH
GLIHUHQFLDVVLJQLILFDWLYDVHQORVYDORUHVGHODVYDULDEOHVGH
UHVSXHVWDSDUDFDGDJUXSR
3DUD OD YDULDEOH ³WLHPSR´ ODV GLIHUHQFLDV VLJQLILFDWLYDV
HQWUH ORVJUXSRVVHHYLGHQFLDQHQ ORVEORTXHVGHODO
PLHQWUDVTXH ORVGDWRV UHODWLYRVD ODYDULDEOH ³SRUFHQWDMH
PHGLR GH GHVYLDFLyQ´ VHxDODQ TXH VROR VH KDOODURQ
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GLIHUHQFLDV HQWUH ORV GRV JUXSRV HQ ORV EORTXHV 
WDEODV\

Tabla 10. Resultados del tiempo (en minutos) de instrumentación 
obtenidos por el grupo experto e inexperto. En rojo diferencias 
estadísticamente significativas (p<0,05). 
*T-Test de dos colas para muestras iguales (95%)  **T-Test de dos 








Tabla 11. Resultados del porcentaje de desviación del conducto 
obtenidos por el grupo experto e inexperto. En rojo diferencias 
estadísticamente significativas (p<0,05). 
 
*T-Test de dos colas para muestras iguales (95%)  **T-Test de dos 













RSHUDGRUHV LQH[SHUWRV VH REVHUYDURQ GLIHUHQFLDV
VLJQLILFDWLYDV GHO EORTXH  DO  HQ FRPSDUDFLyQ FRQ HO
EORTXH  \  $ SDUWLU GHO EORTXH  LQFOXLGR pVWH HO
WLHPSR QR YDUtD UHVSHFWR DO EORTXH DQWHULRU SRU OR TXH
SRGUtDPRV DILUPDU TXH ORV RSHUDGRUHV VLQ H[SHULHQFLD
QHFHVLWDUtDQ DO PHQRV LQVWUXPHQWDU  FRQGXFWRV SDUD








(QFRQWUDPRV GLIHUHQFLDV VLJQLILFDWLYDV HQ HO WLHPSR GH
LQVWUXPHQWDFLyQGH ORVRSHUDGRUHVH[SHUWRVGHOEORTXH
DOHQFRPSDUDFLyQDOEORTXH\$SDUWLUGHOEORTXH
LQFOXLGR pVWH HO WLHPSR QR HV GLIHUHQWH UHVSHFWR GHO
HPSOHDGRHQHOEORTXHLQPHGLDWRDQWHULRUWDEOD
1R VH KDOODURQ GLIHUHQFLDV HQ HO SRUFHQWDMH PHGLR GH









3DUD OD YDULDEOH ³WLHPSR´ ODV GLIHUHQFLDV VLJQLILFDWLYDV
HQWUH ORVJUXSRVVHHYLGHQFLDQHQ ORVEORTXHVGHODO
WDEOD PLHQWUDV TXH ORV GDWRV UHODWLYRV D OD YDULDEOH








Tabla 12. Resultados del tiempo (en minutos) de 
instrumentación obtenidos por el grupo experto e inexperto. 
En rojo diferencias estadísticamente significativas (p<0,05). 
*T-Test de dos colas para muestras iguales (95%)  **T-Test de 










Tabla 13. Resultados del porcentaje de desviación del conducto 
obtenidos por el grupo experto e inexperto. En rojo diferencias 
estadísticamente significativas (p<0,05). 
 
*T-Test de dos colas para muestras iguales (95%)  **T-Test de dos 
colas para muestras independientes (95%) 
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GREOH FXUYDWXUD VH FRPSDUDURQ FRQ ORV REWHQLGRV DO
LQVWUXPHQWDUORVFRQGXFWRVGHFXUYDWXUDVLPSOHVLPXODGRV
TXH IXHURQ LQVWUXPHQWDGRV SRU HVWXGLDQWHV \







TXH WDQWRVLVH WUDWDGH OD LQVWUXPHQWDFLyQGHFRQGXFWRV
GH FXUYDWXUD VLPSOH FRPR VL VRQ GH GREOH FXUYDWXUD
H[LVWHQGLIHUHQFLDV VLJQLILFDWLYDVHQ WRGRV ORVEORTXHVGH
UHVLQD FRQ FRQGXFWRV VLPXODGRV HQ FRPSDUDFLyQ FRQ HO
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SULPHU EORTXH LQVWUXPHQWDGR WDEODV  \  6LQ
HPEDUJRFXDQGRVHLQVWUXPHQWDQFRQGXFWRVGHFXUYDWXUD
GREOH WDPELpQ REVHUYDPRV GLIHUHQFLDV VLJQLILFDWLYDV DO




\ D SDUWLU GHO  HQ FRQGXFWRV GH GREOH FXUYDWXUD
SXGLpQGRVH DILUPDU TXH VH QHFHVLWDQ LQVWUXPHQWDU PiV
FRQGXFWRV SDUD LJXDODU ORV UHVXOWDGRV D XQ RSHUDGRU
H[SHUWR VL ORV FRQGXFWRVSUHVHQWDQFXUYDWXUDVFRPSOHMDV
WDEODV\
$O DQDOL]DU HO SRUFHQWDMH PHGLR GH GHVYLDFLyQ QR VH








(Q HO JUXSR GH ORVDV RSHUDGRUHVDV FRQ H[SHULHQFLD
JUXSR  HQ DPERV FDVRV VL DQDOL]DPRV OD YDULDEOH
³WLHPSR´ DO LQVWUXPHQWDU FRQGXFWRV GH FXUYDWXUD VLPSOH
REVHUYDPRV TXH QR H[LVWHQ GLIHUHQFLDV VLJQLILFDWLYDV D



















/RV GDWRV UHODWLYRV D OD YDULDEOH ³SRUFHQWDMH PHGLR GH
GHVYLDFLyQ´VHxDODQTXHVRORVHKDOODURQGLIHUHQFLDVHQWUH
ORV GRV JUXSRV DO LQVWUXPHQWDU FRQGXFWRV GH FXUYDWXUD
VLPSOH HQ ORV EORTXHV   \  PLHQWUDV TXH HQ OD































 (O XVR GHO VLVWHPD GH OLPD ~QLFD FRQPRYLPLHQWR
DOWHUQDQWH 5HFLSURF QR VH YH LQIOXHQFLDGR SRU OD
H[SHULHQFLD GHO RSHUDGRU HQ FXDQWR DO SRUFHQWDMH
GH DXPHQWR GHO FRQGXFWR DXQTXH VH REVHUYD XQ
PD\RU WUDQVSRUWHDSLFDO GH OD SULPHUD FXUYDWXUD VL
QRVHWLHQHH[SHULHQFLD
 (O WLHPSR QHFHVDULR SDUD OD LQVWUXPHQWDFLyQ HV
PHQRU FXDQWD PiV H[SHULHQFLD WLHQH HO RSHUDGRU
/RVUHVXOWDGRVREWHQLGRV LQGLFDQOD LPSRUWDQFLDGH
XQHQWUHQDPLHQWRSUHYLR\ODQHFHVLGDGGHDGTXLULU












FRQVLGHUDU FRPR DGHFXDGRV ORV WDPDxRV
PXHVWUDOHVGHSDUDHOQ~PHURGHRSHUDGRUHV\
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0XxR] ( )RUQHU / //HQD & ,QIOXHQFH RI RSHUDWRU¶V
H[SHULHQFH RQ URRW FDQDO VKDSLQJ DELOLW\ ZLWK D URWDWRU\















(QGRGRQFLD *UDQDGD  GH RFWXEUH DO  GH QRYLHPEUH
GH
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